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Abstract: 
As an undergraduate student majoring in biology in pursuit of a career in research, it 
is important to gain experience in a laboratory setting. Designing experiments from start 
to finish requires an immense amount of groundwork both in and out of the lab. 
Designing the experiment can often be just as valuable an experience as coming to some 
particular conclusion regarding the hypothesis. In addition, designing experiments and 
executing a protocol in order to achieve a result requires the precise coordination of the 
schedules of a number of fundamental individuals (advising professor, graduate student, 
associated departments, funding resource). This honors thesis illustrates the process 
(including setbacks) one might encounter in designing a research project. My initial 
research project was concerned with determination of the haplotype (or maternal lineage) 
of a Native American who lived in this region about 70 B.C. by cloning and sequencing 
portions of his mitochondrial DNA. After developing the protocols and practicing my 
techniques on my own DNA but before the project could be completed, we were denied 
further access to the ancient materials. Thus, a new project was developed to screen 
previously collected, anonymously collected human saliva samples for single nucleotide 
polymorphisms in a gene which gives rise to variant forms of Apolipoprotein E which 
predispose individuals to heart disease and lipid metabolism problems or to late onset 
Alzheimer's Disease. The project design has been completed, materials and protocols 
were collected, and initial experiments begun. Although the final results are not yet 
known, the preparation, experimental design, and protocol development performed for 
both projects has been a very beneficial learning experience. In addition, I have gained 
valuable experience in writing both an internal grant proposal and this thesis. 
1 
Acknowledgments: 
My research in the Biology department this year research was kindly supported by 
the Ball State University Honors College. Tam Dang worked patiently with me to 
develop and research protocols; her help throughout the year has been essential. Dr. V ann 
willingly provided vast expertise and guidance throughout the year. Many thanks to both 
Tam and Dr. Vann. 
2 
Ancient DNA: 
Mound building was a common practice from approximately 500 B.C. to 1500 A.D. 
for many Native American cultures in the Midwestern United States including the Adena 
and Hopewell tribes. Mounds were used as burial grounds for individuals of all positions 
in the society. Mounds built by these cultures are located throughout Indiana. 
In neighboring Randolph County, the remains of 44 individuals (34 of which were 
represented only by isolated crania) were exhumed as a result of an amateur excavation 
(1986- 1988) and donated to the Ball State University Archaeological Resources 
Management Services (ARMS). The excavation of Windsor Mound, a known Adena plot, 
provided Ball State University the opportunity to contribute to the investigation of a 
unique group of people. 
This group of ancient Native Americans has been the subject of study for many, 
including historians, anthropologists, and scientists. Each group's distinctive set of skills 
provides a unique potential to investigate the ancient culture in a different way. These 
three groups seemingly share a common interest in investigating and preserving the 
ancient culture, but each has a slightly different plan of action for investigations and 
conservation. 
The scientific approach to discovery of information about the people and preservation 
of information about those people includes the use of advanced techniques in genetic 
analysis. The development of the Polymerase Chain Reaction (PCR) has made it possible 
to amplify very small amounts of highly degraded DNA. Analyzing ancient DNA 
(aDNA) can provide clues to the origin ofthe people by sequencing the genetic material 
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found in the maternally-inherited mitochondrial DNA (mtDNA) and in the genomic 
DNA. 
During the past two years, Dr. Carolyn Vann, two undergraduates, and her graduate 
student, Brandon Rapier, worked in cooperation with the Ball State Anthropology 
department to study the ancient DNA (aDNA) of three individuals who were unearthed 
from the burial mounds. Two male individuals were found in the lower part of the 
mound, buried 70 B.C. (+1- 70 years), and the third female was found in the upper part of 
the mound, buried 700 A.D. (+1- 70 years). Brandon's thesis focused on the assignment 
of matrilineal haplogroup (or specific lineage) to each of the individuals in order to 
uncover the time of arrival ofthese people in North America, the specific site of Asian 
origin, and possible relationships between the individuals. 
To assign the haplogroups, a tooth from each individual was properly cleaned and 
sterilely drilled by local dentists to produce a dentin powder. DNA was extracted from 
the dentin of each individual. Mitochondrial marker-specific amplification using PCR 
primers were used to amplify a portion ofthe D-Ioop on the mtDNA. The PCR products 
from each individual were ligated into a pCR4-TOPO cloning vector and transformed 
into TOPIO chemically competent E.coli cells. The clones were then sequenced and 
aligned using Vector NTI and BioEdit software, and polymorphic markers were 
identified and used to assign the individuals to a Native American haplogroup (A,B,C,D, 
or X). 
Brandon's research suggested that the two individuals buried in the lower plot 
belonged to Haplogroup B due to the presence of a particular mutation that is unique 
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Haplogroup B but additional sequencing was needed to verify that finding. The 
haplogroup for the third and youngest individual could not be discerned because of a 
number of common mutations that are not indicative of any single haplogroup. Again, 
more sequencing was needed. 
Tam Dang, a current graduate student in the Biotechnology Certification Program, 
expected to further Brandon's work by sexing the three individuals using PCR 
amplification of the amelogenin gene as well as studying the patrilineal heritage of the 
ancient materials by means ofY-chromosome short tandem repeat analysis. 
In order to help Tam with her work, Dr. Vann offered three undergraduates (Andrea 
Townsend, Seth Brown, and myself) the opportunity through Honors fellowships to work 
with the aDNA as Tam's research assistants. This project required us to learn the specific 
techniques and protocols associated with working with fragile aDNA, clone additional 
fragments of mtDNA from the three individuals, and obtain the sequences. 
The following is the list of skills (as written by Dr. Vann) that would be necessary to 
learn in preparation for working with the real aDNA. It was very important to practice 
these techniques on modern dentin to learn how to avoid contamination and prevent 
further deterioration of the already delicate and partially degraded aDNA: 
1. Isolate my DNA from saliva using a buccal swab and confirm the presence 
of DNA by electrophoresis on a 0.7% TAB agarose gel and including a 
large MW marker. 
2. Perfect PCR amplification of a variable region ofmtDNA 
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a. Use online resources to detennine which Taq system to purchase 
and the protocol for use. It was important to use an enzyme that 
left "sticky ends" on amplified fragments for subsequent ligation. 
b. Use Taq polymerase with HVI primers and my DNA in the PCR 
reaction using Brandon's methods. 
3. PCR amplify my own DNA with HVI primers and confinn by 
electrophoresis on a 1.5% TBE gel and including a smaller MW marker. 
4. To make a positive control, very carefully and precisely dilute modern 
DNA to 0.5, 5, and 50 pg. PCR amplify each amount with a negative 
control and observe differences in banding on 1.5% TBE gel. 
5. To clone amplified DNA, preparative gel electrophoresis of a large 
amount of my HVII amplicons was perfonned. Amplicons were cut out of 
the gel, cleaned-up, and cloned into the TA vector (using Brandon's 
methods). 
6. The clones were transfonned into competent E. coli and plated on 
ampicillin plates. A few transfonnant colonies were selected for growth 
and a mini-prep isolation of plasmid DNA was perfonned on each. 
Confinn by gel electrophoresis. 
7. Sequence the DNA in the clone, perfonn editing and alignment vs. 
Cambridge Reference Sequence. 
The latter steps were not completed in this project when we were infonned 
that the project could not continue since some individuals in the Anthropology 
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Department objected to this type of research on ancient remains. However, this 
preparation work proved to be valuable laboratory experience. 
Conflicting Values: 
In the past, Dr. Vann had received some resistance in her request to analyze the 
aDNA ofthe three individuals currently being housed in the Anthropology Department. 
The three individuals under question were originally exhumed between 1986 and 1988, 
and individuals in the Anthropology Department approached Dr. Vann to initiate this 
project. However, a full grant proposal was requested and the project was voted on by 
the whole Anthropology Department delaying the start of the original project for several 
months. Dr. Vann wrote an additional proposal the following year to complete the 
analysis of the three ancient individuals. Since she had encountered slight resistance to 
her requests in the past, Dr. Vann was not surprised that the Anthropology Department 
did not grant her request to continue to analyze the aDNA material right away. She 
expected the department to delay their decision while the project was discussed and voted 
upon by the department, but ultimately to grant her the right to continue the research that 
had already been started. 
Dr. Vann persisted and the Anthropologists resisted, eventually denying her appeal 
completely in early March. The anthropologic approach to preservation concluded that 
the ancient remains should go untouched. Dr. Vann and her students' curiosity in the 
heritage and relationships among the people through analyzing their DNA would not be 
satisfied. 
7 
Changing Gears: Apolipoprotein E 
With a group of students still interested in completing a research project, Dr. Vann 
discussed the various possibilities considering the imposed time restraints. With only two 
months left of school, we (Dr. Vann, Tam, and myself) decided that Tam and I would 
investigate the relative distribution of the three isoforms of the protein Apolipoprotein E 
(ApoE) by surveying several hundred individual saliva samples collected anonymously 
from citizens of the Midwest. We would screen the samples for the presence of alternate 
alleles associated with the three common isoforms of the protein and correlate the 
presence of the forms with maternal heritage by also sequencing variable regions of the 
mtDNA in individuals having alternate, less common forms which predispose them to 
heart disease/lipid metabolism problems or to late onset Alzheimer's Disease. 
Sample Collection: 
In 2000, Ball State University hosted the UniverCity fair, an event organized to 
permit interactions between various disciplines on campus, to invite in outstanding 
speakers and performers, and to involve students and the surrounding community. Dr. 
Vann and her research assistants collected DNA samples from approximately 500 
anonymous volunteers. Each individual provided a swab of saliva on four DNA Isocode 
Stiks (similar to a match book with 4 individual match sticks inside). Using one Stik 
DNA fingerprinting was performed and participating individuals received a picture of a 
gel with their DNA fingerprint (banding pattern). In giving their DNA, each individual 
agreed to permit future anonymous DNA studies by signing a "Permission to DNA 
Fingerprint" release, and they also provided information on their sex, known lineage as 
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far back as grandparents, as well as family health history. These DNA samples provide a 
sample population of various ages of Midwestern citizens both male and females from 
different heritage backgrounds. 
Apolipoprotein E Project Overview: 
Apolipoprotein E (ApoE) is a polymorphic gene that has three common protein 
isoforms E2, E3, and E4. Each isoform of the gene has different implications for the 
carrier. Carriers of c3 and £4 alleles have shown greater susceptibility to diseases such as 
lipid metabolism problems, Coronary Artery Disease (CAD), and Alzheimer Disease 
(AD). Although it is known that all three alleles generally occur in all populations at 
different frequencies, the frequencies of the various alleles have not been examined in the 
Midwest. In addition, we planned to correlate the distributions observed with self-
reported sex and lineage and to obtain sequence data on variable regions of their 
mitochondrial DNA which is maternally inherited. ApoE alleles are known to vary by 
race/nationality/ haplotype and are changing over time (7). By PCR amplifying the DNA 
of a random sample of Midwestern citizens, the distribution of the alleles among the 
Midwest will be better known. 
Genetic Implications of Apolipoprotein E: 
Apolipoprotein E (ApoE) is a plasma protein that plays a prominent role in lipid 
metabolism and cholesterol transport (1). ApoE is a polymorphic gene; combinations of 
three alleles, 82, 83, and 84 code for three different protein isoforms, E2, E3, and E4 
respectively, each of which has different genetic implications (2). Although it has been 
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shown that 84 is the ancestral form of the gene, the most common allele in the human 
population currently is the 83 allele (1). Research has shown that compared to 
individuals that possess the 83 allele, individuals with the 82 allele have higher 
triglyceride levels but an associated lower blood cholesterol. Conversely, individuals with 
the 84 allele often have elevated plasma cholesterol levels and, accordingly, a higher risk 
of developing CAD (4). 
Another variant allele of ApoE has recently been associated with Alzheimer Disease 
(AD). Numerous studies worldwide have confirmed the association between the presence 
ofthe 84 allele and AD (3). The 84 gene alone cannot be directly implicated as the cause 
for AD, but the presence of the 84 gene has shown a positive correlation with earlier age 
of onset and longer disease duration in the progression of AD (3). 
Development of Procedures: 
Following sample collection in 2000, the remaining Stiks which were not used at that 
time were properly preserved from moisture and temperature damage after the initial 
DNA fingerprinting was done. Recently, the samples were catalogued in an excel 
database with their corresponding information (gender, self- reported lineage, and self-
reported heath history). From this database, 100-200 samples were readily available for 
random selection. 
The identification of the three main haplotypes of ApoE was originally to be 
performed using sequence-specific primers and PCR. This includes the use of several 
specifically designed primers that bind to the altered regions of ApoE alleles (5). This 
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method ensures that the amplification product is only seen if the mutation is present. 
Because this system is dependent on the presence of the mutations to see an amplified 
product on the subsequent gel, two positive control primers were used to ensure peR 
amplification was taking place in the absence of a mutation. Also, negative controls (no 
DNA) were conducted simultaneously so that false positives did not occur. Products were 
observed by subsequently performing agarose gel electrophoresis on a portion the 
products. Results ofthe gel electrophoresis will indicate the specific haplotype ofthe 
sample by revealing the presence or absence of a bands of specific sizes corresponding to 
the appropriate genotypes (5). 
The specific research methods for this approach are as follows: The specific primers 
were and amplification system was ordered. Three separate primer mixes, one for £2, £3, 
and £4, were made. Each mix will include sequence specific forward and reverse primers 
combined to detect the ApoE isoform of that sample. For each DNA sample, three 
separate peR reactions will be conducted to test for the three altered haplotypes. The 
three primer mixes for £2, £3, and £4 will be used in addition to a peR master mix 
containing a pair of control primers, 8 and 9. The control primers serve as a positive 
control for peR amplification as they amplify a highly conserved region of DNA in all 
samples. In "Primer Mix £2", primers 1 and 3 are combined. In "Primer Mix £3", primers 
1 and 2 are combined, and for "Primer Mix £4", primers 2 and 4 are combined (5). 
Following peR amplification a portion of the amplified products from each of the 
three reactions was electrophoresed on an agarose gel along with a molecular weight 
marker to indicate the size of the amplified bands and a negative control (peR mix and 
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primers but no DNA). The amplified bands present for each individual sampled would 
be documented in the Excel program. 
Before analyzing the samples collected at the UniverCity fair, it was important to test 
the methods to ensure that the primers were working properly, to determine ifthe amount 
of DNA available on the stiks was sufficient, and to make certain that contamination was 
avoided. Modem samples of DNA (Tam's and Dr. Vann's) were used to test the methods. 
The preliminary tests showed that primers needed to be modified from the original 
concentrations, and it was determined that the amount of DNA present in the isocode 
stiks was not sufficient to obtain a substantial result from the PCR reaction and the gel 
electrophoresis. 
A second procedure that will accurately and efficiently haplotype the samples is 
currently under consideration by Tam and Dr. Vann. Real-time PCR is a very sensitive 
technique that simultaneously quantifies and amplifies a region of DNA to show whether 
or not a specific sequence is present. Real-time PCR allows the use of very little DNA 
material (one isocode stik as opposed to the three being used in the previous procedure). 
Amplification will include negative (no DNA) control and a positive (Actin-B) control. 
Each stik will be suspended in 75 ul of water and 8 ul of DNA will be added to each PCR 
reaction. Positive control primers will be changed from primers 8 and 9 which are 
amplify a product -800 bp in length to another set of primers (actin-®) which yields a 
product of about 200 bp. Primers 8 and 9 were okay for PCR but are too large for the 
rapid cycling time that is required for real-time PCR. Preliminary experiments indicate 
that this smaller amount of DNA is easily amplified and suggests that this approach will 
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be successful. In addition, using this procedure and no further steps we can further 
analyze individuals to see if they are homo- or heterozygous (83/83, 83/82, 83/84, 82/82, 
84/84, or 82/84) for specific alleles. 
Once altered alleles are found, Tam will use PCR and other fluorescent primers to 
amplify the variable regions of mitochondrial DNA. The amplified, fluorescent products 
will be run on a sequencing gel to obtain sequence data. The sequence can be aligned 
with the Cambridge Reference Sequence (Mitomap 2006) to determine maternal lineage 
or haplotype. Tam will then seek to correlate maternal lineage with self-reported lineage, 
family disease history, and specific alleles found. 
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